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SUBJECT ussk / PHYSICS carp 1 / 2 PA ~- 1304 
AUTHOR KAGAN, JU.H.; PEREL’, V-I- 
TITLE On the Mobility and the Space Charge of Ions in an Inhomogeneous 


Field. 
PERIODICAL Dokl. Akad. Nauk, 108, fasc. 2; 2226225 (1956) 
tssued: 7 / 1956 reviewed: 9 / 1956 


The most important interaction process of ions with atone of the same gas is 

the pure charge exchange without any {mportant modification of the velocity of 
the particles concerned. In some cases of practical interest the fields in the 
layers are 80 strong that the average energy of the heat motion of atoms is 

small against the energy taken by the ion on & free path. Therefore the atoms 
may be considered to pe at rest, and the product of tha §-funcetions of the ve- 
locity components VyVyVz may be taken a6 velocity distribution function, At 


first, the kinetic equation is given for the case that the ai 
field (B(z) is at every point identical with the positive direction © 
geaxis. ‘This kinetic equation is then transformed ani adapted to {nitial con- 
ditions. The solution found ig explicitly given and specialized for the limit- 
ing case of a constant field B = const. 
Next, the expressions for the drive yelooity and the ooncentration of the ions 
for inhomogeneous fields are given. Tye usual opinion that the drive yelocity 
at a given point depends only on the field atrength at this point is correct 

only if the modification of field strength along the free 
against the field atrength 4tself. In this case the axpression 
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PEREL', V. I. 


"On the Limited Movement of Ions in the Vicinity of a Sounding Balloon,” 
pp 69-71, 5 ref 


Abst: The article examines a sounding balloon located in & plasma 
at such a low pressure that {t is possible to disregard vollistons ot 
charged particles with atoms of the gas. It is shown that a Limitation 
of movement is possible under ordinary conditions if it ts assumed that 
the potential changes gradually. 


SOURCE: Uchenyye Zapiski Petrozavedskogo Gas. Un-ta (Setentific Notes 


of the Petrozavodskiy State University), Volume q; No. 4 -- Physical- 


Matheratical Sciences, Petrozavodsk, State Publishing H use cf Karel' - 
piaya, ASSR, 1957 
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AUTHORS: Kagan, Yu. M. and Perel', V. I. 51-3-3/24 


TITLE: On the motion of ions and the shape of their (spectral) 
lines in a positive-discharge column. I. The directed 
motion of ions in a low-pressure discharge. (O dvizhenii 
jonov i konture ikh liniy v polozhitel' nom stolbe 
razryada. I. Napraviennoye dvizheniye ponov v razryade 
nizkogo davleniya). 


PERIODICAL; "Opts i Spektroskopiye (Optics and Spectroscopy), 

195 9 ol. ’ No.3, Ppe 8-403 (U.S.8.R.) 

ABSTRACT: Theoretical paper. It is usually assumed that ions move 

; in an infinite homogeneous medium under the action of an 

electric field constant in magnitude and direction, In a 
real positive-discharge column, in addition to the applied 
longitudinal field, there is also a transverse electric 
field and ions escape towards the walls. This effect is 
more pronounced at low pressures. It shows up in the pressuré 
dependence of the displacement and the width of ionic emissio 
lines when observed along the axis of the discharge tube. 
A kinetic equation for the ionic motion is solved to find 
the velocity distribution function of the positive ions ina 

card 1/3 cylindrical discharge tube. It is assumed that the jons ere 
formed inside the tube and that they perish at the tube walls. 
Collisions of the ions with atoms are neglected (this is 
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THEA EHE 


51-3-3/ak 
On the motion of ions and the shape of their (spectral) 
lines in a positive-discharge column. I, The directed 
motion of ions in a low-pressure discharge, (Cont.) 


T = gas temperature, M = the ionic mass, k = Boltzmann's 
constant. For a discharge tube filled with mercury at 
3x 10% Hg pressure, with a current of 0.3 As 
2=2=7x1l sec“l, E = 0.1 V.cm™-, Kg /it = 1.2,x 10 
we have, for Hg ions, V2 5 x 107 cm sec 
vo = 1,6 x 10° cm®. sec™®, 

The shape of the ionic emission lines observed along the 
tube axis is given in a diagram, It can be regarded as a 1 


em@sec™“, 


Maxwellian distribution with ionic drift velocity (2x10 em ss7 
under the above conditions) superimposed on it. 
There is one figure and ten references, 6 of which are Slavic. 


SUBMITTED: September 17, 1956, 
AVAILABLE: 


Jaa FER bE SM PCAN DFS SSA AST | TR | ae Wit ee ented |p TL ] 
Seve eae SA APTS Hea IE CAPUTO Oe ew TEE satel NOUR PUSS TUTE AT TE RS CTT ATT ET SST IT IA MTR 
tent f AED op NSE PF i EAS BENET HALE EER TTR TE Ree 


ices Eames Laer ecg | 9a | EET a ee am ee | 3 ] 
TOESP SMITE CTT HPS 
! 2 $i PORE AIS IBIEE 14a R: AR ADO TR TERS CORT EH TE 


APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000619910020-3" 


APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000619910020-3" 


"APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000619910020-3 


Bole, Sa a Pe Lee ices ce rz SEES a2 rea OEE Rebs oF: aan Bie ToT eTEaT ae ee DoSE] ie ea fi ry HPP SHEE Ty HE ETE! 
HF CR OPES OPER He tt Pe Ea ae Hie OE RESCH IS REET 
oe pes ary ves : : Cie Sm a yincit SHE pa er [a it 
H eon 1 


L 


i 


KAGAN, Yu.M. 


Baglish 

Probe measurements in low pressure plasma {with sumary in : 

p.l52]. Vest. Len. un. 12 20.4:63~-78 '57, (MLRA 10: 4) 
(Rlectric discharges through gases) 
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Kagan, Yu. M SOW/L8--22~6-16/ 2 
AUTHOR: agan, Yu. M. 


Fate eeduanned, - 
TITLE: On the Mosion of Ions in a Plasma {O dvizhenii ionoy Vv plazm ) 


- Vol. 22; 
PERIODICAL: Izvestiya Akademii nauk SSSR, Seriya finioheskaya, 1958. Vo 
"Ne 6, pp. 702-707 (USSR) 


r 2 i % that this problem is of great 2m 
ee - re ae Mee ie waa htberto not been possible Ne aaverag 
Ene waloedty distribution of the ions jn the pane pee ie 
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On the Mo“ior of Ions in a Plasma 


dizgrams illustrate the depsnience of the "kimerature” of “le 


dor. gas T. on pressure along the Sube 
" ¢empera thre" f and the "+emperature"™ 


in the cross seotion of the tubs. 
fieli was carried ot with tna éis 


ep to 4 mm in the middls, 


In this way i¢ was poasib: 
aiavj;ron N, and the temperature 1, or She vhageron gas 
Th dependence of N and Te on 
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measurements; quantitative comparison 
possible because of the effast produseal by 
gas during interferometric measurement as well as because of the 
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Kegan, Yu. Li. und Perel’, V. i. 


On the Motion of Ions and the Uhape of Lonic Lines 
jn the Positive Column of a Discharge. IL. Radios 
Motion of Ions in a Low-Pressure Discharge « 


(O dvizhenii ionov i konture liniy ionoy v polezhis- 
el'nom stolbe razryada. II. Radial'noye dvigheniye 
jonov v razryade nizkogo davieniya.) 


Optika i Spektroskopiya, 1958, Vole IV, Wee dy 

pp. 3-8. (USSR) 

In Part I (Ref.1) the authors solved the kiretis 
equation for a aistributicn function for ions in a 
cylindrical low-pressure discharge tube, taking into 
account both the longitudinal and transverse fields, 


volume ionization and loss cf ions at the walls. The 


present paper deals with radial wuctien of ions and 
with calculation of the effective texperavure for 


motion of ions across the tube. An approximate nethed 
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On the Motion of Ions and the Shupe of Tonic Lines in the 

Positive Column of a Discharge. Ii. 
is described end used for determination of the radial 
part of the velocity distritution function of ions in 
the positive column of a low-pressure discharge. It 
was assumed that at low pressures the radial part of 
the distribution function dees not depend on the 
longitudinal field. By means cf this approximate 
method, velocity of the redial drift of jons and the 
effective ionic tempcrature were found as functions 
of distance from the discharge-wibe axis. An. 


expression for the «ffective teitperature was found in 


terms of the shape of ionic lines observed across the 
tube. The observed Shape of ionic lines (under 
Doppler conditions) depends essentially on the nature 
and lifetime of the excited ionic state. There are 
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On the Motion of Ions and the Shape of Ionic Lines in “the 


Positive Column of a Discharge. II. 


two simple cases: (1) Formation of excited ions in 
atom-electron collisions and instantaneous radiation. 
In this case the shape of ionic lines does not differ 
from that of atomic lines. (2) Fornation of excited 
ions occurs in ion-electron collisions, and radiation 
is instantaneous. In this case the shape of ionic 


lines will be determined by the velocity distribution 
function for ions, and this distribution can be 
obtained from spectroscopic observations. In case 
(2) the ionic line shape observed across the tube 
should be strongly broadened, compared with the atomis 
line shapes. Such a broadening was observed in 
Card 3/5 argon (Ref.3), but not at low pressures. No low- 
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On the liotion of Ions and the Shape of Ionic Lines in the 
Positive Column of a Discharge. II. 
pressure experimental data seems to exist. ‘The 
results obtained in this paper, using the approximate 
method, could also, in principle, be obtained fron 
the general expressions of Ref.1. The authors show 
taat for (A) the distribution of potential across 
the tube, (B) the radial velocity distribution of 
ions, and (C) the mean and meen square values of the 
radial velocity of ions, the approximate method gives 
results which are very close to those given by the 
exact theory. The approximate method, besides being 
simpler to apply, has the advantage that it can be 
; generalized to the case of high pressures. 
Card 4/5 present paper is entirely theoretical. 
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On the Motion of Ions and the Shape of Ionic Lines in the 

Positive Column of a Discharge. [II. 
1 figure, 1 table, and 3 references, 2 of which are 
Russian and 1 American. 

ASSOCIATION: Leningrad Institute of Precision Mechanics and 
Optics. (leningradskiy institut tochnoy mekhaniki 
i optiki.) 

SUBMITTED: March 5, 1957. 

AVAILABLE: Library of Congress. 


1. Ions-Motion 
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AUTHORS: Kagan, Yu.M. and perel’, V.I. 

PTE Lis s On the Motion of Tons and the Shape of heir Lines 
in a Positive Discharge Column. Tir. A Directed 
Motion of Ions in a Discharge at os Axvbitrary Pressure. 
(0 dvizhenii icnov i konture ikh liniy ¥ polozhit- 
el'tnom stolte razryada - 


PuRLODICAL: Optika i Spe kt roskoplya: 1958, Vol.1Y, Nre3, 
pp «285-288 (USSR) » 


apsrRact: In the preceding papers (Refs .1-2) the authors con~ 
sidaered motion of ions in 4 positive column of 2& 
low-pressure discharge , taking into account jongitudinel 
and transverse fielas, bulk ionization and loss of ions 
at the walls. The present paper Geals with directed 
aotion of ions near the axis of a cylindrical discharge 
tube working at an arbitrary pressure - Phe method 
of dealing with the problen is the sare as that in 
Hef.2: Tne authors obtain ar expr 6sion for the 
velocity of directed Lotion of ions. From the 
expression the projection of the velocity on the 
discharge-tube axis Vv, can be founi. For low 
Card 1/3 pressures the average f#alue of Vy woith follows 
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On the Motion of Ions and the Shape of their Lines in a Positive 
Discharge Column. III. 


fron the expression obtained in this paper is given 
by ¥, = a/z, where a is the acceleration of ions 


in the longitudinal constant electric field, and 2 
is the number of ionizations per unit tine. The 
exact value of v, for low pressures obtained in 
Ref.1-2 is given By VT, = 0.69 a/z. For high 


pressures the expression_obtained in the present 


_~ 


paper yields the value vw, = av2% ah/léu,, where 


ue = 2k)/M, T is the gas temperature, Mois the ionic 
mass, and A is the mean free path of the ion. 
Because of lack of experimental data quantitative 
comparison of theory with experiment is not possible. 
Me authors point out that the results obtained in 
the present paper hold only near the discharge-tube 
axis. In the approximate deductioa of these results 
terms containing squares and higher powers of the 
Gard 2/3 acceleration a were included. t was assumed that 
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either the longitudinal field was small or that 
1/z <a a ASG, at any value of the longitudinal field. 


fhe paper is entirely theoretical. There are 6 Soviet 
references. 


ASSOCIATION: Institute cf Precision Mechanics and Optics. 
(Institut tochnoy wekhaniki i optiki.) 


SUBLITI“ZD: July 11, 1957. 
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Vagner, S.D., Kagan, Yu.bi,, Romanova, Ye.V. 5a 0-2- 4 6 


The Influence of _ a Magnetic Field Upon a High 
Frequency Discharge (Vliyaniye magnitnogo polya ra 
vysokochastotnyy razryad 


PERIODICAL: Vestnik Leningredskogo Universiteta,Seriya fizimi. 1: 
khimit ; Pls 1958, Vol, 19 Nr 2 ’ pps 45-17 (tissR) 


ABSTRACT: For the determination of the plasma paramaters of a highfsequency 
discharge the two-probe method (Refs 1,2,3) was developed. This 
improved method was employed by the authors for measuring the 
plasma parameters of a highfrequency disoharge in a weak magnetic 
field, The dependence of the temperature of the electron gas T, 
and of the concentration of the charged pirticles n on the cax tert 
in the solenoid is shown (table 1). T, and n ane average quanti~ 
ties obtained from a number of measurements and agree well wite 
each other. The T, values were determined by the methods dageribed 
in former papers frets 4,2). The results obtained by the tuo 
methods are, practically, in agreement. The seaond method makes 
it possible to judge the presence of a Marwell electron distr3: 
bution according to velocities. The characteristics worked out 
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The Influence of - a Magnetic Field Upon 
a High Frequency Discharge 


by this method showed that in the plasin of a highfrequency dis- 
charge the electrons retain Maxwll's velegity distribution also 
in the presence of a weak magnetic field, It may be seen Prom the 
table that the temperature of the electron gars T, drons a little 
with an amplification of the ae ae field. The concentration of 
the charged partioles on the tube axig.increases vith anplifiea- 
tion of the magnetic field from 0-50 Aroted by about 12 times dt: 
amount. As already mentioned, the terucerature ymmidues of thr elec- 
tron gas obtained by means of the u.sc-prove methed are determined 
by the distribution of the fxs: leetron groups according to vt 
locities. This distribution aci not agree vith that of more 
inert electrons, which are dealt sith by Langmair's probe methad. 
There are 1 figure, 1 table, awl 7 references, 4 of which are 
Soviet. 


SUBMITTED: July 7, 1956 
AVAILABLE: Library of Congress 


Card 2/2 1. High frequency discharges--Magnetioc factors 
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TITLE: On the Motion of Ions in a Mixture of Imotopes (0 dvizhenii 
ionov v smesi izotopov). 


PERIODICAL: Zhurnal Eksperimental'noy i Teoreticheskoy Fiziki, 1958, 
Vol. 34, Nr 1, pp. 126-128 (USSR). 


ABSTRACT: The present paper determines expressions for the drift veloc- 


ity of the ions of isotopes in an isotope mixture. A pure 
charge exchange is considered to constitute the basic problem 
of the interaction of ions with atoms. In connection with the 
problem of isotope separation in a d.c.-discharge the question 
of the mobility of an ion in an isotope mixture is of growing 
interest. Blank's law for the mobility of ions in a mixture 
does not hold in this case because of the possibility of a 
change in charge between an ion of one isotope and an atom 

of another isotope. Here a mixture of two isotopes with con- 
centrations N, and No of the neutral atoms is assumed. The 
concentrations of the ions are said to be N) and No and their 
distribution functions with respect to veloocity are denoted 
by £,(v) and fo(v). The influence of the ions on the distri- 
bution function of the atoms with respest to the velocity 
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On the Motion of Ions in a Mixture of Isotopes. 
consideration the collisions of the ions of the isotopes 
with the particles of the third component. In the case of 


strong fields an accurate result ig obtained for the drift 
velocities. There are 3 references, 2 of which are Slavio. 


ASSOCIATION:  len‘ngrad Institute for Preofsion Mechanics and Optics. 
(Leningradskiy institut tochnoy mekhaniki i optiki). 


SUBMITTED : July 12, 1957 


AVAILABLE: Library of Congress 
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On Some Characteristics of the Positive Discharge SOV,/'54~ m5 Ga Z— a/21 
Column at Low Preysures and High Discharge Curront Donuylties 


on the axis and the walls of the tube, the longitudinal field 
E, and the number of jionizations per alectron per unit of tine 
z wore dotorminod. Figuroy 1-4 bvhow the survau of the dependence 
qT, and n, on tho amperage of the discharge current, Tha course 


of these curves on the axis and the walls of the tube is 
different. The minimum occurring in these curvas ia considerably 
weaker on the walls. Concentration n, intreases nonotonously 


with increasing amperage. With rising pressuro tT, decreases on 


the walls, and the concentration increases at all amperages. 

A complicated relation is observed on the axin. The temperature 
has a mininum at a certain pressure for all anperages,only at 
very small amperages it decreases monotonously with rising 
pressure. At certain pressures n, has a maximum on the axis. 


The mentioned processes are seeiataed by a dilution of the gas 
duriag the discharge occurring in the central part of the 
positive column. This is in agreement with the observations 
made by Shukhtin. Table 1 shows the values conputed for z and 
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On Some Characteristics of the Positive Discharge SOV /54-59~3-8/21 
Column at Low Pressures and High Discharge Current Densities 


the valuc measured for E. From the measurement of the Doppler 
shift toward and opposite to the direction of the field the 
directed velocity of the ions was computed. Table 2 shows the 


values of OA and “V8 Curve Vv, versus steam pressure has a 


maximum. In eanolusion; the Aathore thank Professor PF. E. Frish, 
Corresponding Member of the AS USSR, for the interest he showed 
in the work. There are 4 figures, 2 tables, and 9 Soviet 
references. 


SUBMITTED: April 15, 1959 
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AUTHORS: Kagan, Yu.eMe Perel', V.I. Sov /54-59-3-9/21 


TITLE: nm the Influence of the Finite Life on the Contour of the 


Ion Lines of the Positive Discharge Column 


PERIODICAL: Vestnik Leningradskogo universiteta. Seriya fiziki i khimii, 
1959, Nx 3, pp 49-50 (USSR) 


ABSTRACT: The finite life of the excited state of an ion may cause a line 
shift if the ion in an excited state in the electric field 
assumes a velocity comparable to thermal velocity. In the 
present paper the problem of the line contour is dealt with 
under conditions which make it necessary to take the finite life 
of the excited ion state into account, The authors proceed from 
the distribution function of the particle veloaity 


f(v__,v._,v,.)» If a particle radiates after the time t after 
xo’ yo’ zo er 


excitation, it attains the velocity a fr + Seo during 
this period. An expression for a a is found (1) for the 


distribution function of the velocity of radiating particles 
which in its contour coincides with the observed line contour. 
Cara 1/2 
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The expression vy, ae ee + vee (2) 4a obtained for the nean 
velocity in the field A eaeei on by partial integration and in 


similar way, the mean square velocity in the field direction: 
+ 
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& denotes the mean life of the excited state, The formulas 
1-3 cannot be used if the duration of the excited state is 
longer than the period tetween the collisions of excited ions 
and atoms. In this case the collisionsmust be taken into 
account, however, formula (2) may be used for a rough 
calculation, and the time between the collisions may be 
substituted for ©. In a vertical field action vy, becones 

) 
equal to zero in the formulas. The line shift is then brought 
about by the finite life of the excited state. 
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pressures and high discharge current denaitiag. Vant au 14 

no.16: 44-48 '59, (MIRA 12210) 
(Electric discharges through gases} 
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24(3) S0V/48-25-8-14/25 
AUTHORS: Zakharova, V. Mes Kagan, Yu. M., Perel’, V- I. 

Se 
TITLE: fhe Positive Column of Discharge in the piffusion Procedure 
PERIODICAL: Izvestiya Akademii nouk SSSR. Seriya fizicheskays, 1959, 


Yol 23, Nr 8, pp 999-1003 (USSR) 


ABSTRACTs In the introduction of the present paper some older articles 

of non-Russian scientists on the positive discharge coluan at 
low pressures are mentioned in addition to articles published 
by B. N. Klyarfel'd. An equation for the balance of electrons 
and ions (1) introduced py L. Frost is given, This article in- 
tends to obtain some relations by Frost's theory for 4 compari- 
gon with experiments, and to apply the compurison to the posi- 
tive column of Hg, AT» and K. In the first part, the arift 
velocity (2) is given by Frost's approximation, besides the 
approximation for potential distribution and concentration (4)- 
By means of the latter the balance ejuation (7), 8 formula for 
the number of ions per unit of length of the column, and a 
formula for the ion current density (9) are developed. In the 
gecond part, experiments of Langmuir and Tonks (Ref 2) are 
Gara 1/2 referred to, and the equations (11) for the plasma boundaries 
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The Positive Column of Discharge in the Diffusion Procedure 


are given. Formulas (12) deliver the drift velocity and ionic 
concentration near the plasma boundary, equation (13) gives 
the average velocity of ions. An approximate formula (16) is 
given for calculating the thickness of the layer. Equation (17) 
supplies the potential difference between axis and wall of the 
tube. In the third part, the calculated results are comparad 
to experimental results. The temperature of the electron gus 
was determined by means of a search elactrode, the electron 
density was found by formula (18). The charges measured in 
Hg-, Ar-, and K-vapor are summarized in the diagrams of 
figures 1 to 3, and it was found that there is good agreement 
with theoretical values as long as diffusion procedure may be 
assumed. There are 3 figures and 13 references 5 of which are 
Soviet. 
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AUTHORS: Zakharova, V. Mo, Kagan, Yu. M., Mustafin, K. S:» Perel’, bs 


LN, 


TITLE: Probe Measuring Under Middle Pressures 


PERIODICAL: Zhurnal tekhnicheskoy fisiki, 1960, Vol. 30, Now 4, 
ppe 442-449 


TEXT: It was the purpose of the present paper to investigate the 
applicability pf the Langmuir probe for measuring the characteristic 

= lasma velues}it ressures higher than 1 torr. The authors derived 
equations (A), (5) for the ion currents directed upon spherical and 
cylindrical probes with strong negative charges, and their current 
densities (equations 8-10). Purthermore, equation (11) is given for the 
plasma potential Vo° The following method of measuring the characteristic 
plasma values is suggested: a) the electron temperature Tg is determined 
by meafis of the two-probe method given in Ref. 41; b) the electron con- 
centrationstare determined by means of equations (4), (5) and by apply- 
ing the electron section of the characteristics. The affective cross JB 
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sections of the ion overcharge, gas temperature, and concentration of the 
normal atoms must be known for the determination of the ion: concentra~ 
tion n,,. The theoretical calculations are experimentally proven in Bg 


vapor at 107° to 1 torr. Table 1 shows that the value Ny of spherical 


and cylindrical probes are in good agreement with caloulations. Further- 
more, plasma measurements were carried out in neon and argon at 1 to 
20 torr, 50,200, and 400 ma, and in Hg at 10 torr, 0.5; 160; 165, and 
2.0 a. Tadle 2 gives the field voltages of Ne and Ar, Table 3 the values 
of T.9 Table 4 the density of the ion current,yand Table 5 the values 


of ng- The T, values were taken according to Ref. 14 and mensuremento 


by_0. P. Boohkova. The dependence of the electron concentration distri- 
- bution on pressure in the case of Ne and Ar, is given in Pigs. 1 and 2. 
These Figs. show that a pressure increase is accompaniad by a compres- 
sion along the axis, and differs for Ne and Ar. The column contraction 
observed, and the difference between calculated and measured wall cur- 
rent related thereto, indicate that the Schottky theory no longer holds 
true for the pressures applied. The authors finally investignte the 
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possible effect of electron- and photon emission on the result of their 
method, and prove this effeot to be very low. They mention a paper by 
N. Po Pankin, and thank Professor §. E. Prish for the interest he took 
in this paper. There are 2 figures, 5 tables, and 16 references: 

10 Soviet, 3 American, 1 British, and 1 Japanese. 


ASSOCIATION: Leningradskiy gosudarstvennyy universitet im. 4. A. 
Zhdanova (Leningrad State University imeni A. A. Zhdanov) 


SUBMITTED: ‘July 16, 1959 
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AUTHORS : Kagan, Yu. M., Mustafin, K. 5S. 
— Pecmcartadinchiecediene enmnuiveeneoae 


TITLE: The Velocity Distribution Function of Electrons ina 
Positive Discharge Column of Mean Pressure 


PERIODICAL: Zhurnal tekhnicheskoy fiziki, 1960, Vol, 30, No. 8, 
pp. 938 - 947 


TEXT: With reference to papers by Smit, Druyvesteyn, and V. Ye. Golant, 
the authors devote the first three sections of the present article to 
deriving the velocity distribution functions of elegtronsVin the positive 
columns in neon, argon, and mercury under consideration of elastic snd 
inelastic impacts. They obtain formulas (8), (20), and (26), and Ciscuss 
them. The fourth section deals with the shapes of distribution functions, 
and in Tables 1, 2, and 3 the measured temperatures of electron gr are 
compared with those obtained by calculation. Moreover, the measured axial 
electron concentrations are compared with those calculated in Tables 4, 
5, and 6. In the discussion of results in the final part, reference is 
made to the satisfactory agreement achieved in the first three tables, and 
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it is stated that the nonelastic collisions must be considered at 
pressures below 1 torr. It is further shown that while there is an inter- 
action between the electrons, it exerts little influence on the 
calculation of the electron gas temperature and of the oriented velocity. 
This influence is discussed. The authors finally thank V. Ye. Golant and 
V. I. Perel’ for their discussion of results. There are | figure, 

6 tables, and 8 references: 6 Soviet and 2 American. 


ASSOCIATION: Leningradskiy gosudarstvennyy universitet im. A. A. Zhdanova 
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Leningrad State Universit im. A. A. Zhéanoy 


SUBMITTED: February 15, 1960 
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Spectroscopic determination of ion mobility in a mixture of 
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AUTHORS : Kagan, Yu.M. and Koretskiy, Ya.P. 


g et 
TITLE: A Direct Method for Measuring the Mean Half-life 
of Excited States of Ions 


PERIODICAL: Optika i spektroskopiya, 1961, Vol. 11, No. 3, 


TEXT: In this method, an electron beam is used to ionise 
and excite gas molecules so that iots in excited states are 
produced. If the gas pressure is such that the half-life of 
the excited ion is smaller than the average time between 
collisions of the ion with the gas atoms,and if there is a 
constant electric field in the region where the ions are 
produced, then the excited ions will have a preferred direction 
of motion. By measuring this velocity one can determine the 
average half-life of the _ excited ions. The relation between 
the ion drift velocity Vo and the half-life in the excited 
state is (Ref. 4: Yu.Kagan, ae Perel'. Vestn. LGU,No.16,49,1959) 
‘ Vv (1) 
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where e and M are :the charge and mass of the ion and 
E is the electric field. The average drift velocity Vy can 


be measured ‘from the Doppler shift of the ion line, kee. 
oA = 3 en oe 


In the present work,:. the authors have used the apparatus shown - 
schematically in Fig. l- The source of electrons was in the 
form of the tungsten cathode K , which was a Fate ta Poe 

_ spiral 1.4 cm long and 0.5 cm in diameter. The wire diameter 
was 0.25 mm and the heating current 5 A. The positive 
extracting electrode A, was at a distance of 2 mm from the 


cathode. The second positive electrode Ao was at a distance 
of 2mm from A, - The apertures in A, and Ay were 


2), The collector A, and the anode 


rectangular (0.4% x 1 em 
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sed as a result of 
were at some potential. Ions produce t 
ae las tone between the electrons and the atoms experienced the 


- The 
field between the grids C, and Cy (0.5 mm mesh) 


Vv d the electron 
potential between Ag and K was about 250 an 


current through the gun was about 5 mA. The ainar R DENS 
w 
between C, - and Cy was 120 V/em. The tube wa 


-2 
i helium at a pressure of 3 x 10 mm Hg). 
laa eis eg 686 h was investigated with the Aa ee 

a glass two-prism spectrograph. A Fabry~Perrot es sn 

placed between the collimator and the prisms (spac ae Sen 

10 mm). The small Doppler shifts were measured Paes ee 
described by Frish and Kagan (Ref. 5 - ZhETF, 17, : 


Half-lives between 0.7 x 107? and’ 1.1 x 107? sec eae 
These are in agreement with quantum-mechanical estimates. 
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There are 5 figures.and 6 references: 5 Soviet and 
1 non-Soviet. The English-language reference quoted is: 
Nef. 1 - L. Maxwell - Phys. Rev., 38, seen 1931. 
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AUTHORS: Kagan, Yu., Maksimov, L. 
TITLE: Transfer phenomena in a paramagnetic gas 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheakoy fitiki, v» 41, 
no. 3(9), 1961, 842-852 


TEXT: Based on a study of the kinetic equation for molecules with 
rotational degrees of freedom, a theory for the transfer phenomena in a 
paramagnetic neutral gas, which is located in a magnetic field, has been 
developed. With the help of this theory it is possible to derive all 
fundamental rules. The present etudy is limited to linear, diatomic 
molecules at temperatures, where the rotational motion can be treated with 
classical mechanics and where no vibrational degrees of freedom have been 
excited. For such a case, the kinetic equation reads as follows: 

of i) - of 

at wf +7 (f M) » [3 (2.1). 


a (Til (2.2), where rn denotes the magnetic moment of the molecule. The 
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e@ 
magnetio moment is obtained as & mean value of the undisturbed state of th 


“ hr 
molecule: teteyi (2.3), where y= B,6/% (2.4). H, denotes the Ho 


Ld 
magneton, g the gyromagnetio ratio, and M the total reat oeee 
molecule. For the molecules gpnsicer te Dee caine) eect aith 
a axis (for sufficiently nig B 
pee a energy. Then, for MDH the following relation 


f 
holds: 7% 2u,0/M (2.5) with 2-3, -Stty sees Ss. $$ denotee the spin “ ; 
the moleoule. ‘The kinetio equation (2.1) furnishes, in first approximation, 
‘ft 2269) (4 +x] (2.8), and maintaining the first non-vanishing verme, 


m 1 ay 
foo { —O +) uy InT + sop (ite — ma Oatt? | > 


: & 22 tol 
x(t Se Foe zr) + (Sr -$7F) | Z 
| Ey [MH] ZL f0 = Jor (x), 


. ” Uy 
0) £00) (4p? tag eg dt; (2.13) 
Jey) = 5 f° ) (y+. 4 — 4 yi) WaP.dP dt, . 
Card 2/6 
H Neen ee eee here neice terete erie iT inher siasracng 


APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000619910020-3" 


28758 S/So6/ Sicaan/ogs/onnyaee 
B102 


Transfer phenomena in a paramagnetic gags B125 0 


is obtained. In general, the collision probability Wis unknown. For a 
small non-sphericity the following relation holds approximately: 


WdI'"dl'y = wgds, (2.14) 
w= 1+ A[P,(cosgM) + P; (cos &M,) + P, (cos gM) ~- Py (cos g'M,)I, 


where g and g! denote the relative velocities before and after a 
collision, do the differential elastic scattering cross section, neglecting 
the non-sphericity, P, representa a Legendre polynomial. ‘The thermal 


conductivity tensor for the general case is given by: 
2 3 p00 , 4 me 
iy k(2k2/m)( 2 cia as ad a SSry Z.1(9) (344). 
When limiting oneself to the terms with p=1 and q#2, the kinetic 
> > 
equation -u,(u° +m? - 7/2) 1°) +f OTH lox /ait = 3,404,) will have the 
approximate solution 
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ta Thath + TAG + Thaimtthim (3.5). 
b= tty (U2 — 3/4), Ph = Ue (ME — 1), Dem = te Mp Min — "adem M4), (3.6 


qT} = Tio T? = pit T? = pine (3.7): 


The coefficients of (3.5) are given in a mathematical appendix. The thermal 
conductivity of a paramagnetic gas located in a magnetic field becomes 
anisotropic, i.e., the thermal conductivity will depend on the orientation 
of the magnetic field with respect to the temperature gradient. If the 
angles between H and VT are different from 0° or 90°, then the heat flux 
will have a component normal to the temperature gradient. The Senftleben 
effect is completely determined by the following expreasiona: 


YVihte = (C,0yn + CoH HafH?) Xs, (3.24) 


tee — OHA wo OT A, : 
caer Stance: O25) 
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Ati = Kin — (Xi) Hao = Mo sg > Cn +c, =o | ; (3.26) 
and (Am)? Am 10 (At? K 
, ( 71 
v= qaqa {I ve am! ae Sal} (3.27) 


At a fixed temperature, the Senftleben effect ig only a function of the 
ratio H/p; this agrees with basic experimental results. ‘The temperature 
dependence is closely related to the shape of the scattering croas 
section of molecules. For the change of the thermal conductivity 
coefficient, and any values of Ns the following holds: 


. OG fg < 0, AX /no <0 (4.3) 
for an H which is parallel or normal to VT; if the values of 7 are 
sufficiently high, one obtains (Ax, /Ax\) 0 2/3 (4.5); this agrees very 


well with the experimental results of Senftleben. There are 8 references: 
2 Soviet and 6 non-Soviet. The reference to the English-language 
publication reads as follows: J. 0. Hirschfelder, (. F. Curtiss, 
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R. B. Bird, Molecular Theory of Gases and Liquids. Xx 
SUBMITTED: Avril 3, 1961 
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AUTHORS : Zakharova, V.M., Kagan, Yu M. and Perel: 


TITLE Spectroscopic observation of the rotation of a positive 
coluan discharge in a magnetic field 


PERIODICAL: Ontika i spektroskoplya, v.ll. no.6, 1961, 777-779 


TEXT: It has been shown that, in powerful are discharges at 
low pressures in a magnetic field, the ions rotate about the 

axis of the arc. This azimuthal motion is explained as the effect 
of the action of the wagnetic field on a radial current of ions 

In this work an argon discharge was studicd ina tube 1.5 em in 
diameter and 180 cm long. The pressure range covered was 0.5 to 
2.5 mn He. The discharge current was 1.6 A and the magnetic 
fields used were 250, 600 and 1 000 Oc. Two solenoids 6C cm 

longs were placed on the centre of the tube with a space of 1.5 en 
for the spectroscopic observations. The speed of retation of the 
atoms was measured by observing the displacement of the +4 300 

and 4 o&4 A lines using a specially designed spectrograph and a 
Fabry-Perot etalon. It was shown that the direction of the 
rotation of the atoms was the same as for the positive ions and x 
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that the speed? fotation depended on the strength of the magnetic 
field and the gas pressure. The maximum value observed was 


L 
1.5 x 10! cm/sec at a pressure of 1 am Hg and a field of 600 Oc. 
At faclds of os and 1 O0CO Oc the speeds of rotation were 


O.3anO 1 x Lo! cm/sec respectively. 


There are 1 figure and 9 references’ 5 Soviet-bloc and 
6 non-Sovict-bloc The four latest English-language references 
mentionec are Ref F JM Wilcox - Rev. Med. Phys. . 31. Laks 
1959, Ref Fe AO Sow Proc of the TE United Nation 
Conference of tite Peaceful Uses of Atonic Eneray aid, 345. 195d, 
Ref. 6 So adware A Nedos, cov. Joomuacl. a 220 


196C, Of. 8 Hote, Bo Let ort Puy: of 2a 3. ao. 
1960, 
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AUTHORS: Kagan, Yu. M. and Lyagushchenko, R. I. 


TITLE: Electron energy distribution function in the positive column 
of a neon discharge 


PERIODICAL:. Zhurnal tekhnicheskoy finziki, v. 31, no. 4, 1961, 445-449 


TEXT; The author propose a new method of approximation for the calcula- 
tion of the electron energy distribution function in the positive column 
of a neon discharge, taking account of elastic and inelastic collisions. 
For the solution of problems related to the excitation of ionization in 
plasma, a knowledge of the distribution functions with regard to elastic 
and inelastic collisions between electrons and atoms, and also electron- 
electron interactions is required for solving problems related toa the 
excitation of ionization in plasma. It is noted that none of the relevant 
previous papers has fulfilled this requirement. The present authors 
proceed from the experimental values for ne and T, ® OUR kinetic equation 


for electrons in a constant, homogeneous eiéctsis etd E oriented along 
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the x-axis reads & i “ (35) + (5) + (3), (1), where f(v vie) 
el inel 


is the velocity aigteinution of the electrons, and SE) (2) » and 
inel 


dt 


(# =). are the parts of the impact term corresponding to a elastic and 


inelastic interactions between electrons and atoms, and to electron- 
electron interactions. When looking for an equation for the symmetric 
part of the distribution function f(y), then 


(2) =a er’) 2) 


(Basen ee rae (3) 


will hold. Here, A* and At ne} symbolize the meam free paths related to 
elastic and inelastio electron-atom collisions. The general expression 


for the interelectronic term 7) reads 
e 
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(B=sH[o[Ae+ a taen]} «a 
v= Sorin A | (5) 
A= a j J vif, (v) dy + 2 f ACA ’ (6) 


A,= a vt/,(v,) 40, (7) 


i 

{| In the case where the interelectronic term predominates in the elastia 
i range, which is important in practice, it is possible to simplify the 
interelectronic term suggested by A. G. Gurevich (ZhETF, 37, 304, 1959) 
and, thus, one obtains: ¥ 


: | AP AB Atha (VF a), 


A(x) =0(x)—Fexe, O(x)= 3. foray, 
e 
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On account of the integral character of the terms Ay and ho and due to the 


rapid decrease of the functions f ol) the resulting ooeffioients are alao 


valid in the inelastic range. ete this manner, the following relation is 
obtained for the symmetric part of the distribution funation f of)! 


Lt Byer gee Ph +32 (vo a(V ae) e+ 


+eA(V a )A]—-zA=0. @) 


Solving the kinetic equation (8) requires a knowledge of the velocity 
dependence of the elastic and inelastic scattering crosa sections which 
are taken from experimental data. The authors have studied only the case 
of neon, for whioh the inelastic soattering cross ection can be angumed 
to be approximately independent of the velocity. The method proposed here 
does not depend on any concrete form of the velocity dependence of the 
cross sections. Solution of the kinetic equation: In the range where the 
electron energy is lower than the energy of the nenrest excited states, 
Eq. (8) has the solution 
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s 47? 
| ve (Vir) + reap at 
= — ————_ nd 
f,(u) = exp J wd (Va) oe ay u 


* 47? 
* eA (Vu) -+ yea ot 
Tek du 


A (Vi) + > mi Ma 


Sy (u) = By (a9 + 4,2) 
is obtained in the inelastic case. Formulas (9) and (18) yield a solution 
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for f (4) at all values of u. The constants B,, Bos and Bs are determined 


from the conditions for the continuity of the function f(a), from its 
derivative at the point u = Uy) and from the norsalization condition for 


f j(u). Discussion of results: The approximation used by the authors in 
the range udu, ig the better the greater is the role of interelectronic 
pect to elastic interactions between electrons and 
atoms and with respect to the interaction between electrons and field. 


According to (9), the criterion for the applicability of this approxima- 
tion consista in that £(u) differs only slightly from the Maxwell 


function and only in that range where it yields a significant contribu- 
tion in A,(f,) and A,(f,)+ This integral is reduced to the {nequalities 


4eT; ay Avu) 


interactions with res 


mi*Myvq = Fa, ut? 

(19) 
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For qu = 1.7 the function A(¥u) assumes the value 0.88. These inequali- 
ties (19) must be satisfied in the range from Yu's 0.3 to Yu» 1.7. The 
contribution made by the ranges neglected here to the integrals does not 
exceed 10%. With such a choice of the range it follows that a,/a 0.6 


and a,/a, K0.5 (20). If the intereleotronio term is one order of 


magnitude higher than the remaining terms, the approximation applied hers 
4a still permissible. If the terms in (20) are very unequal, (9) oan be 
replaced in the range u<u, by the distribution function 


f,(u) . e"[B, + B,(e™ - 1)] (21). The second term in (9) and (21) is due 


to the effect of inelastic collisions. G. F. Drukarev and V. Ye. Golant 

are thanked for advice and discussions. There are 9 references: 

5 Soviet-bloc and 4 non-Soviet-bloo, The two references to English 

language publications read as follows: T. Lewis, Proc. Roy .S00.4,244,166, 

1958; I. Cahn. Phya.Rev.,17,293, 346,838, 1949. 
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(Leningrad State University imeni A. A. Zhdanov) 
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AUTHGRS: Kagan, Yu.eM., Perel', V.I., Chayka, M.P, 
TITLE: Theory of optical signal amplification using a medium 


with negative absorption 
PERIODICAL: Optika i spektroskopiya, v.12, no.3, 1962, 4&27-433 


TEXT: Problems of amplifying an optical signal by means of 

negative absorption medium are discussed but without references to 

the generation. Formulae for the integral amplification of the 
incident signal A, are derived for the Lorentz and Doppler 

profiles, the integrals being evaluated by means of Bessel's 

function and power series respectively. In the case of high A 
amplification, i.e. Kolb >» 1, these are \ 
kool oko L 


S IAS 


A = : Ap = 
Lor ViTticgh opp W Kot 


where kg is the amplification coefficient at the centre of the 
line and L is the thickness of the mediun, These considerations 
are applied toa parallel mirror containing the active medium 
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within and a uniform medium outside the mirrors, Relations are 
developed for the ratio of incident Jos and emergent J, 
intensities of the beam, which in the case of ideal mirror and 
narrow beam are 


So! I € SET 9 ae 
So 1- r2e2kl 


The ideal case is developed further to account for real finite 
mirrors with surface defects, The effects of the edges on the 
width of the diffraction rings and the departures from optical 
flatness are considered and a working example based on 
experimentation of A.Javan and associates (Ref.: Phys. Rev., 
Letters, 6, 1961, 106) are given. The work. is completed by 
considering Suoausney distribution in the amplified beam in the 
absence of interference for the Doppler and Lorentz profiles, 
There are 3 figures, 


SUBMITTED: July 24, 1961 
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AUTHORS: Kagan, Yu. Me, and Lyaguelehenko,’ R. I. 


: ‘ a | 

TITLE: Velooity distribution of electrons,. distribution: of excita- 
tion and ionization in the positive column of a rivon' dis-' 
charge 


PERIODICAL: Zhurnal tekhnicheskoy fiziki, vs 32, nd. 2, 1962, 192~196 


TEXT: In a previous paper (ZhTF, 31, no. 4, 1961) the authors calculated 
the electron energy distribution in neon witn allowange for elastic and 
inelastic collisions between electrons and atoms and alectron interaction. 
The distribution functions are calculated for 5-20 mm Hg and amperages of 
200 and 400 ma. The distribution function for utu, is 


Ate)=erot—Hto |B. Bafeaetvtode| (1s 


Sutierscan Bon olsen @icasss: 


for u>Uss 


a9 + aye 


f, (a) = Vz B3Kv, (w) exp [— + ea byt 
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/2xt, e of the electron gas, U, * ev, KT 
us MV, 


VUES 5 
jal, T is the gas Hompera 
first " pxoitation potent : 
v, i8 the a* is the mean free path, Ky /y 48 a the ss opie ; 
t donization and the number 2” of step-dy- 


’ T, ig the temperatur . ° ee 


etron concentration, 
The number 2 of dires 


ae 


tone onizations was calculated with ‘the aid of |... ame 
2 T? d (4) and 
2a Ml Q,(u) fale) a, 
“et (5) 
| pate Sn F cate afta) ds 
“ 16 
5, = 3.52710 a 
a(u) ie approximated with N out¥) = 04055(¥-20. -6)s mare the conditions 
is the otential in scene It can be seen mat onder Pa eaaee 
ee S rect ionization can be neglectes vive, recombination need not be 
88 
data. Under the sleepers cho electron concentrations (Table. 2). The 


considered when calculating the e A eetes, to oe ally BY i 


annihilation -probability of a me 
cara 3/8; | 


tastable atom by ai 
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AUTHORS s Zhéanov, V., Kagan, fu., Sazykin, A. 
honor AS ae 


TITLi: Effect of viscous momentum transfer on diffusion in a gas 
mixture 

PERIODICAL: Zhurnal eksperimental'noy i teoretichaskoy figiki, v. 42, 
no. 3, 1962, 857 - 867 


VEXT; A theoretical investigation of the diffusion of a multi-component 
gas mixture is given when assuming viscous momentum transfer. The well- 
known method of moments by H. Grad (Comm. Pure and Appi. Math. 2, 331, 
1949) is applied and the general system of diffusion equations is derived 
in the "1}-aoment" approximation. The relations obtained make it 
possible to analyze the effects of viscous momentum transfer on the 
Giffusion. The calculations are carried out on the assumption that 
rA/L<1 and t/T€1; A and t are the mean free path and tine, resp. and L 
ang T are the characteristic length and tine paraueters of the changes in 
the mixture. The distribution function of the component a 2 a gas 
mixture is expanded into a series of Hermite polynomials als ij (SDs 
qietty 
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system or diffusion égiiations is obtained as 
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nagkT to) 

‘i ig: Pa B Wer ee 

DaDgp ttp;) = — [are ay, | + [sXe seerae 2 Xai] + 
“6 


da O85 


dy oT Pa > : 
igay Tiga ape 2[u— eat 


sp 1 15 |g5 1 lsq ) Fie 
+ 7 i 3 Stone —ate | ra 
N 


<1 AT }Ols 1 |g 
—e(o Sy) AL (itr tt) a: 
P a2 Pi Bante mg || malo] (use — ta), (3.8) 
Tne eyuations obtained are used to investigate tne diffusion in a two- 
component siixture. Several formulas for the barodiffusion constant ae are 


derived. In the Kihara a0 Ee ee 


OAc [14 CoA GS + BSA" ISA") 
5+aA° MRTG EIAY J mam 
6A‘ 5(6C* — 5) (1-+3A°) Jos—o 
~ spar [!-- 12A* (5 + 2A) \a=*. (4.10) 


is obtained for a viscous flow of an arbitrary binary mixture; for an in- 
compressible liyuid 
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a, =p (+), ey | (He), it (i— 4) +4Te | 2yDyats (1 -— 41). 


is obtained. y is the molar concentration, je the chemical potential, 
2p ei yy Yalalga Pg g 
Pair nein yey arta The (3.6) | 

ly on the nature of the interaction between the 


molecules and cin have any sign. 
value of Gp obtained anc 


la, Senencs significant 


The cause of the aifference between the 


Op = (ty — my) f [yyy TE ty (1 — yy). (4.6) 
irreversible thermodynamical methoés is discuzsed. 
1 figure and 10 references: 2 Soviet and 8 non-Sovict. The Pour most 
recent references to inglisn-language publications sone as follows: 


C. kuckenfuss, &. Curtiss. J. Chem. Phys-, 29, 127); 19555 T. Kihara. Rev. 
wod. Phys. 25, 873, 1953; C. Curtiss, J. Hirschfelder. cd. Ghen. Phys. Ab 


950, ae S. Chapman, T. Cowling. Proc. Phys. Soc. AIJ9, 159, 1941. 
October 9, 1961 J 
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AUTHORS ; ‘Kagan, fue Mey and Lyagushchenko, R 
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PITLE: Theory of photoelectric currents in gases 
| -896 
PERIODICAL: Zhurnal tekhnicheskoy fiziki, v. 32, no. Ty 1962, 891-89 


-Loed formula for 
BAT s t is made to improve the Thomson é 
Be fe arcunes in gnsea. If electrons ara pjectad aes poe 
ae by light, the oquation for partiole agquilibrdium nilowing 
cathode ; es 
diffusion of electrons to the cathode read ic 
en _{ #, f 
° 2) i. 
D $2. — bEn=ja\ Ee 4-C, 


where C is an integration constant. This gives 
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ie (8) 
THhvh=h= ae 
1 -[s Bay 
| D* dx: 
: * * 
the anode which shows that the. 
ts are far from saturation. (8) ia integrat- 


for the current density towards 
observable photoelectric curren 
ed for hyseeges and argon: 
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“AUTHORS? .." — Kagan, Yu. M., and Perel', V. I. 


ae 


oo. Wb 
TITLE: On the theory of ionic current towards the probe 
PERIODICAL: Zhurnal tekhnicheskoy fiziki, v. 32, no. 12, 1962, 1479-1482 


- (EXT: The formulas 


eeeVA Se tt) 
i — ; 9), ae 
Pps Ay aes Sie (2) 


for this were derived on the assumption that the electron concentration in 
the space layer round the probe can be neglected in comparison with the |. 
_- don concentration (The characteristics of electrical discharges in magnétic 
fields, edited by A. Guthrie and R. Wakerling, Yu. M. Kagan, ¥. I. Perel’, 
DAN SSSR, 91, 1321, 1953). Vis the negative potential of the probe, Mg 
and T, are the concentration and the temperature of the electrons in the 
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On the theory of ion seers 
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the probe radius, § s 
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potential "|, © 


i formulas 
) given by F senzl, lead to the more precise 
n Fig. 1) & ‘ 
° Pp ( 
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and es eg y 
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_A comparison with numerical results, if 3¢a/n<10 shows that tha fonic part 
of the probe characteristics if described well by (9). There are only 
deviations with small '. There are 2 figures. 
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KAGAN, Yu. M.; LYAGUSHCHENKO, R. I.; KHAKHAYEV, A. D. 


"The Positive Colum Discharge in the Inert Gases under Medium Pressures." 


report submitted to llth Intl Spectroscopy Colloq, Belgrade, 30 Sep-4 Oct 63. 
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ABSTRACT: ‘The investigation was undertakdn in view ef: rs 4 pal rity of dat. | cin! 
excitation of inert gases in the positive column of a di nahiare th Adisquha, shes 
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ABSTRACT: In the first part of the stutly (Optika 1 spektrosicopiyad, 14, $93, 1.963} 
the authors investigated the excitation conditions obtaining {in tie positive ¢o1- 
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ABSTRACT: Electron velocity distributions were measured in the positive colums of 
hot cathode mercury discharges at pressures from 1.2 x 1073 to 5 x 1072 mm Kg and 

; currents Zrom 20 to 500 mA. Tho measurements were performed by a probe method des- 

= cribed earlier{N.A.Vorob'yeva ,Yu.M.Kagan,V.H.Milenin,ZhTF ,33,571,1963). Except fer 
an improved narrow-bana amplifies, the apparatus was identical with that previously 
employ2d. Tho now amplifier has a gain of 6 x 10° and a. pass band of 8 cps. The re~ 
sulting improvement in the signal to noise ratio made it possible to follow the ve~ 
locity distributions to higher electron energies than previously reported. The re- 
sults of the measurements at 200 mA are presented in the form of graphs. At pras- 
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an out to the highest electrén energies recorded (12 eV and (9 3V, respectively). At 
2.5 x 1072 and 5 x 1072 mm Hg, deviations from the Maxwell distribution were ob- 
served; fewer high energy electrons were present than requi red by the Maxwell func- 
tion fitting the low energy portion of the distribution. At 2.5 x 1072 mn He the 
electron temperature was about 12 000°K and deviations fro the Maxwell distribu~- 
tion first became appreciable at electron energies slightly greater than 4 eV; tha 
corresponding figures at 5 x 1072 mn Hg were 9000°K and 2 eV. Possible oxperimental 
errors due to the presence of ion currents would tend to mask the observed effect, 
which is therefore regarded as real. Orig.art.has: 7 figuras. 
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ABSTRACT: ‘The energy distribution of electrons in an infinite plasma in a uniform 
electric field is discussed theoretically. The energy regions below and above the 
excitation energy of the first atomic level are treated separately. Inelastic col- 
lisiions are neglected in the low energy region, and the elastron distribution func~ 
tion is quoted from earlier work (Yu.M. Kagan and R.I.Lyaguahchenko ,Zhir 31,445 , 198). 
In the high energy region the effect of inelastic collisions on thn asymmetric por- 
tion of the distribution function is neglected. This approximation, which is said 
_ to be valid for inert gases but not for mercury vapor, permits suparate kinetic 
equations to be written for the symmctric and the asymetric portions of the distri~ 
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ABSTRACT: ‘this is a continuation of earlier work (Opt. i spelktir. Ve! uy 71, 196 iL) in 
which the rotation of the positive colum of argon discharge in: a Longitudinal magne't 
ic field was observed by a spectroscopic method, In the present work, the speed of | 
rotation of the plasma in helium, neon, argon, and krypton was investigated in the 
pressure range between 0.5 and 2.5 mm Hg, for a discharge curmalit 60) jna in magnetic 
fields from 50 to 1000 Oe. ‘The method of observation was impruived by wubstitutihg 
photoelectric recording for photography. A discharge tube 2.2 iom in djanster wajs use 
The pressun: in the chamber could be varied linearly. Tht img of the edge off ‘the | 
positive colum was projected on the slit of a 2PS spectrographi oroshed with a Dabry- 
im | Perot etalon 30 nm thick. ‘The image of the slit and of the intiwefeinse pattern was 
m | projected on the spectrograph camera lena, and part of the centinaleiing: dunage dais cut 
out by mutually perpendicular slits and projected on the evan (FIV $4). | 
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The study showed that the sce or rotation of the plasina incrdlaed ii: th ineresaiing | 
current in all gases and decreased with increasing pesca Hasuniments madd (ath 
various lines in different gases gave similar results, al Pe aitits ofthe speed of ro- 
tation against the magnetic field exhibited maxima at approxi; baly 159, 300, G00, | 


and 800 Qe for helium, neon, argon, and krypton, respectively, | It is thorn that the” 
rotation cannot be attributed to transfer of momentum to the attioms {hyn the elachrons 
and ions. "The authors thank V, I. Perel' for a discussion of tthe Iksiilts of bing 
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